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Abstract 
Background Context: There are differences in definitions of end plate lesions (EPLs), often 
referred to as Schmorl’s nodes, that may, to some extent, account for the large range of 
reported prevalence (3.8 - 76%).  
Purpose: To develop a technique to measure the size, prevalence and location of EPLs in a 
consistent manner.  
Study Design/Setting: This study proposed a method using a detection algorithm which was 
applied to five adolescent females (average age 15.1 years, range 13.0 to 19.2 years) with 
idiopathic scoliosis (average major Cobb angle 60°, range 55 to 67°).  
Methods: Existing low-dose, computed tomography scans were segmented semi-automatically 
to extract 3D morphology of each vertebral endplate. Any remaining attachments to the 
posterior elements of adjacent vertebrae or endplates were then manually sectioned. An 
automatic algorithm was used to determine the presence and position of EPLs.  
Results: EPLs were identified in 15 of the 170 (8.8%) endplates analysed with an average 
depth of 3.1mm. 11/15 of the EPLs were seen in the lumbar spine. The algorithm was found to 
be most sensitive to changes in the minimum EPL gradient at the edges of the EPL.  
Conclusions: This study describes an imaging analysis technique for consistent measurement 
of the prevalence, location and size of EPLs. The technique can be used to analyse large 
populations without observer errors in EPL definitions. 
Keywords 
End plate lesion, Schmorl’s node, Scoliosis  
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1. Introduction 
There is general consensus that end plate lesions (EPLs), often referred to as Schmorl’s nodes, 
can be defined as a herniation of intervertebral disc tissue into the vertebral body [1–5].  
However, more specific definitions tend to differ. Constraints include: indentations located 
centrally on the endplate [6], delineation by a thin sclerotic boundary [6], minimum size 
(distance from most anterior to most posterior edge of the EPL measured on sagittal images) 
[3] or the exclusion of smooth concave curvatures that have their centre located at the 
posterior portion of the endplate (otherwise known as Cupid’s bows) [3–5] since these are not 
considered to be pathological [7, 8]. 
 
These differences may, to some extent, account for the large range of reported prevalence 
(3.8 - 76%). Hilton et al. [9] analysed 50 slab radiographs (cadaveric specimens, sliced 
sagittally into slabs that are individually radiographed) of thoracolumbar specimens (T9-S1) 
aged 13 - 96 years, finding that 76% had EPLs at one or more levels; also looking at slab 
radiographs (100 cadaveric thoracolumbar specimens, mean age 68 years, range 43 - 93 years) 
Pfirrmann and Resnick [4] found 58% of their specimens had at least one EPL; analysing 372 
contrast enhanced magnetic resonance images (MRIs) of the thoracic and lumbar spine in 
subjects with a mean age of 53 years, Stäbler et al. [3] reported that EPLs were present in 38% 
of the subjects; and Sonne-Holm et al. [6] reported that at least one EPL was present in 3.8% 
of a series of 4151 plain, lateral radiographs of lumbar spines in subjects aged 22 - 93 years 
(median 63 years). 
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The large discrepancies in reported prevalence could also be explained by the different 
imaging modalities used to observe EPLs. It has been suggested that observation of EPLs is 
more difficult on plain radiographs in comparison to MRI and slab radiographs [4, 10], and 
that CT scans may provide a more precise method of observing EPLs [6].  
 
A number of studies have attempted to measure the location and size of EPLs as well as their 
prevalence. They are generally found at the thoracolumbar junction either centrally or 
posteriorly on the endplate, but rarely anteriorly [2, 4–6, 9]. Two studies have found that EPLs 
are more common in the endplates on the caudal side of the vertebra in comparison to the 
cranial [4, 9], but others have found no difference [2, 6]. It is common for EPLs to be found at 
multiple levels in the same patient and there is a tendency for successive vertebral surfaces to 
be affected with nodes of similar shape and position [2, 4, 6, 9]. Pfirrmann and Resnick [4] 
found that EPLs had a mean diameter of 6 mm (range 2-15 mm), a mean height of 3.3 mm 
(range 1-9 mm) and a mean volume of 86 mm
3
 (range 2-923 mm
3
). Stäbler et al. [3] reported a 
slightly larger mean diameter of 8.2 mm (range 4-20 mm), however this could be accounted 
for by the fact that they excluded any EPLs with a diameter less than 3 mm, unfortunately 
depth and volume were not reported in this study. 
 
Both the aetiology and pathogenesis of EPLs is uncertain [6, 9]. It has been postulated that 
they are either inert developmental or congenital herniations into weak areas of the end plate 
or that they are due to trauma, infection, osteoporosis, malignancy or various bone diseases [1, 
6]. It has also been suggested that they form at locations that have been weakened due to 
incomplete resorption of the notochord or anomalies in the avascularisation of the 
Page 5 of 28 
 
intervertebral disc during development [2, 3]. The interaction between EPLs and disc 
degeneration remains unclear and controversial [10]; a number of studies have suggested that 
there is a link [5, 9, 11], while others have not been able to confirm this correlation [4, 12]. A 
recent study comparing patients with lumbar symptoms to a control group found that EPLs are 
more likely to be found in patients with pain in the lumbar spine (EPLs were found in 9% of 
the control group and 19% of the symptomatic group) [12], although the relationship of EPLs 
to low back pain is still debated [6]. Similarly, the relationship between EPLs and race, 
gender, age, body weight or exposure to heavy manual labour is uncertain [6]. 
 
EPLs have been observed in idiopathic scoliosis patients but to the authors’ knowledge, their 
prevalence, location and size have not previously been reported. Buttermann and Mullin [13] 
analysed MRIs of 60 consecutive paediatric and adult idiopathic scoliosis patients who had 
progressed to surgical treatment and found a correlation between EPLs and pain in paediatric 
scoliosis patients but not in adult scoliosis patients. A pilot investigation has also suggested 
that EPLs may potentially be a primary disturbance of growth plates that leads to the onset of 
scoliosis [14]. 
 
Given the abovementioned variability in definition of EPLs, the aim of this study was to 
develop an image analysis technique for consistent measurement of the prevalence, location 
and size of EPLs. The wide range of reported prevalence of EPLs highlights the importance of 
a well-defined, repeatable and reliable method to identify them. A semi-automatic approach 
will eliminate inter-observer differences in EPL definitions and facilitate rapid comparison of 
multiple data sets. It is important that the vertebral tilt and rotation seen in idiopathic scoliosis 
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patients is considered when detecting EPLs and therefore we describe the tool development 
and application using a series of pre-operative CT scans of idiopathic scoliosis patients.  
2. Materials and methods 
Imaging 
Low-dose, computed tomography (CT) scans, covering vertebral levels C7-S1 were taken of  
patients with adolescent idiopathic scoliosis (AIS) using a Toshiba Aquilion Multi scanner 
(Toshiba Medical Systems Corp., Tokyo, Japan). The scan used a 100 kV, 50 mA source with 
a 6 mm pitch and a 1 second rotation time, producing raw images with 0.6 x 0.6 x 1.0 mm 
voxels. It is estimated that this scanning protocol exposed the paediatric patients to a radiation 
dose of 3.7 ± 0.74 mSv (estimate ± uncertainty) [15]. This is higher than the combined dose 
for full length postero-anterior and lateral standing radiographs (approximately 1.0 mSv), but 
substantially lower than a typical adult chest CT scan (approximately 8 mSv [16]). At the time 
of data collection, a single supine preoperative CT scan was part of the clinical assessment 
process for AIS patients undergoing single anterior rod instrumentation via the thoracoscopic 
approach to allow safer screw sizing and positioning [17]. Subsequently, we have obtained 
approval from our institution’s Human Research Ethics Committee to use the historical dataset 
of clinical CT scans for research purposes. 
 
Segmentation 
The CT scans were segmented (Amira® software, Version 5.1.1, VSG - Visualization Sciences 
Group, Burlington, MA, USA) using a semi-automatic approach. Initially, the geometry of 
each vertebra was automatically segmented using a threshold of 300 Hounsfield units (HU). A 
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number of threshold values were compared across our dataset and this value was found to be 
the most accurate in defining bone edges. A threshold of 300 HU lies within the range used by 
authors of a number of other studies (225 – 325 HU) [18–21]. Following the automatic 
segmentation, any attachments between posterior elements of adjacent vertebrae were 
manually sectioned, and, if necessary, the endplates were also manually segmented to ensure 
that there was separation between each level. The resulting surface geometry for each vertebra 
was imported into Geomagic® XOS™ (Version 4.1.0.0, Raindrop Geomagic Inc., Research 
Triangle Park, NC, USA). The inter- and intra-observer error in the manual segmentation was 
investigated through multiple segmentations of the L1-L4 levels of one spine. Intra-observer 
error was investigated by the same observer (CG) performing the segmentation of the same 
spine section twice, approximately one week apart and inter-observer error was investigated 
by a second observer (NN) using the same segmentation technique on the same spine section. 
The 95% limits of agreement, as proposed by Bland and Altman [22, 23], were calculated for 
the EPL prevalence and depth. This method involves finding the differences between 
measurements, then calculating the mean and the standard deviation (SD) of those differences. 
The 95% limits of agreement were then defined as the mean difference ± 1.96×SD. Thus, 95% 
of the differences between measurements are expected to lie between these two reported 
limits. 
 
Using Geomagic® XOS™ the effects of noise were reduced by using the built-in smoothing 
command. A value of 0.4 mm was settled upon for the maximum allowable deviation as this 
was sufficient smoothing to eliminate any noise but not too large that surface features were 
lost. To investigate the sensitivity of this smoothing on the output of the analysis, calculations 
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were also made on endplates that had been smoothed with a maximum allowable deviation of 
both 0.2 and 0.6 mm. After smoothing, point clouds of the cranial and caudal end plates were 
exported for later analysis. 
 
Endplate co-ordinate system 
For consistency in reporting lesion locations, a local coordinate system was assigned to each 
endplate, defined through manual identification of relevant landmarks. The endplate 
transverse plane was defined by selecting 3 points (shown in Figure 1): A) a point 5 mm from 
the middle of the junction between the left pedicle and the vertebral body along the axis of the 
pedicle; B) a point 5 mm from the middle of the junction between the right pedicle and the 
vertebral body along the axis of the pedicle; and C) a point 5 mm from the intersection 
between the anterior edge of the vertebral body and a line parallel to line AB (along a line 
perpendicular to line AB that passes through the anterior intersection). 
<< Insert Figure 1 >> 
The endplate sagittal plane was defined using a similar method to that described by Aaro and 
Dahlborn [24] to estimate vertebral rotation. This method involves selecting two points; the 
endplate centroid and the posterior junction of the two laminae of the vertebral arch. Vrtovec 
et al. [25] compared Aaro and Dahlborn’s method of measuring vertebral rotation against four 
other manual techniques [26–28], finding that the Aaro and Dahlborn method was the most 
reproducible and reliable. For this study, the endplate centroid was calculated using a similar 
method to that previously described by Little et al. [29] and shown in Figure 2: a rectangle 
was drawn on the transverse plane that passed through two points at the posterior inflection 
points on the anulus boundary (points 1 and 2), the anterior anulus boundary  (point 3) and the 
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lateral points on the anulus boundary (points 4 and 5). The geometric centre of this rectangle 
was used as the endplate centroid.  
<< Insert Figure 2 >> 
An orthogonal left-handed coordinate system was created on the transverse plane at the 
endplate centroid where the sagittal plane was defined by a vector passing between the 
endplate centroid and the posterior junction of the two laminae of the vertebral arch. The 
positive x direction was anterior, the positive y direction was to the patient’s right and the 
positive z direction was superior. 
 
Automatic EPL detection algorithm 
Following the manual identification of landmarks used to define the endplate local coordinate 
systems, an automatic algorithm, written in MATLAB (Version R2012a, The MathWorks Inc., 
Natick, MA, USA), was used to determine the presence, location and size of EPLs. The 
scattered point cloud data of the endplate, now in the local coordinate system, was imported 
and interpolated using the griddata function in MATLAB such that the surface points were on 
a regular grid, with grid lines 0.5 mm apart, running anterior/posterior and left/right (Figure 
3a). 
 
Troughs were identified along each grid line (Figure 3b). Start and end points of potential 
troughs, were defined as locations where both the preceding and succeeding point along the 
grid line were lower (local maxima) and similarly, trough points were defined as locations 
where the preceding and succeeding point were higher (local minima). 
<< Insert Figure 3 >> 
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The largest trough along each grid line was identified by calculating the area of the triangle 
made between each set of start, trough and end points. The trough with the largest area was 
selected as the potential EPL location for that grid line (the blue trough would be selected 
from the gridline depicted in Figure 3b). Potential EPL locations were then discarded if certain 
conditions were not met. Four conditions, determined through preliminary measurements of 
EPLs from the CT scans and influenced by literature values, were determined.  
 
First, that the depth of the trough (taken as the distance between the z-coordinate of the trough 
point and an average of the z coordinates of the start and end points) was greater than 2 mm. 
Pfirrmann and Resnick [4] quoted a mean depth of 3.3 mm with a range of 1-9 mm and since 
the voxels of the CT scans analysed here are 0.6 x 0.6 x 1 mm in dimension (x, y and z 
respectively) a minimum depth of 2 mm was used to ensure that the EPL was at least 2 voxels 
deep.   
 
Second, that the trough point was greater than 5 mm from the edge of the vertebral body so 
that small undulations on short gridlines at the edge of the endplate were not mistaken for 
EPLs. The edge of the vertebral body was identified by searching each grid line in both 
directions for the first point that was more than 0.1 mm higher than the previous point. 
 
Third, to ensure that Cupid’s bows were not included in this definition of an EPL, the gradient 
between either the start-trough or trough-end points was required to be greater than 0.2 
mm/mm, such that a 2 mm deep trough (depth threshold defined previously) will only be 
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included as an EPL if it is at the centre of a trough with a diameter less than 20 mm (the 
maximum of the range of EPL diameters measured by Stabler et al. [3]). 
Fourth, to reduce the probability of anomalies being detected on one grid line, a second 
potential EPL location was required to be detected in an area bounded by a 2 x 2 x 2 mm cube 
centred around the first EPL location. 
 
Potential EPL locations were detected on grid lines along both the sagittal and coronal planes, 
and in the case that more than one potential EPL location was found, the deepest was selected 
as the maximum EPL location. In the cases where none of the potential EPL locations met the 
conditions it was assumed that no EPL was present. 
 
EPLs were categorised according to their location relative to the local coordinate system in the 
transverse plane. To allow comparison of EPL locations between endplates, the EPL 
coordinates in the local endplate coordinate system were normalised to be a percentage of the 
distance between the endplate centroid and the furthest of either the most anterior or most 
posterior points of the vertebral body in the sagittal plane. Two methods were used to group 
the EPL locations. First, each vertebral end plate was divided into 4 quarters; anterior, 
posterior, left lateral and right lateral (Figure 4a). Second, the location of the EPLs relative to 
the centre were grouped into 5 concentric zones around the endplate centroid, 20, 40, 60, 80 
and >80% of the distance between the endplate centroid and the furthest of either the most 
anterior or most posterior points of the vertebral body in the sagittal plane (Figure 4b). 
<< Insert Figure 4 >> 
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The locations of any EPLs were also displayed in Amira® software alongside the original CT 
scan to confirm that the automatically detected EPLs were at locations that could also be 
identified upon visual inspection. 
 
In order to gain an understanding of how sensitive the calculated prevalence is to the condition 
values a simple sensitivity study was undertaken, where the EPL condition values were 
adjusted by ±10 and ±20% from their baseline values described previously and all of the 
endplates were analysed. The baseline and adjusted values are shown in Table 1. Each value 
was adjusted individually resulting in 16 complete analyses for each spine, plus the baseline 
analysis. 
<< Insert Table 1 >> 
3. Results 
Prevalence and Depth 
The endplates from the spines of five adolescent females (average age 15.1 years, range 13.0 
to 19.2 years) with idiopathic scoliosis (average major Cobb angle 60°, range 55 to 67°) were 
analysed. EPLs were identified in 15 of the 170 (8.8%) endplates (Note, 12x2=24 thoracic 
endplates and 5x2=10 lumbar endplates in each patient), with eight on the caudal side of the 
vertebral body in question and seven on the cranial side. Eleven of the 15 EPLs were seen in 
the lumbar spine, and of the four in the thoracic spine, all were at or inferior to T11. The 
average EPL depth was 3.1 mm (range 2.1 to 5.3 mm) and deeper EPLs were found in the 
lumbar spine in comparison to the thoracic (mean depths of 3.6 and 2.5 mm, respectively). An 
example of a sagittal and coronal slice through a potential EPL location is shown in Figure 5a 
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and b, respectively. An example of the 3D surface before smoothing obtained using a 
threshold of 300 HU can be seen in Figure 5c and the location of the EPL on that surface is 
represented by the yellow ball shown in Figure 5d. 
<< Insert Figure 5 >> 
The number of EPLs found in each endplate zone can be seen in Figure 6. The posterior zone 
had the largest number of EPLs (7/15) while just one EPL was observed in the anterior zone 
and this was very close to the centre (within 20% of the distance between the endplate 
centroid and the furthest of either the most anterior or most posterior points of the vertebral 
body in the sagittal plane). No EPLs were observed further than 68% away from the endplate 
centroid. 
<< Insert Figure 6 >>  
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Sensitivity of EPL detection condition values 
The detection algorithm was most sensitive to changes in the minimum gradient (Figure 7d) 
with an extra 12 EPLs detected when the minimum gradient was decreased from 0.2 to 0.16 
(-20%) and six fewer EPLs detected when the minimum gradient was increased from 0.2 to 
0.24 (+20%). However, smaller changes in the minimum gradient (±10% of the baseline 
value) resulted in just two greater or two fewer EPL being detected in the 170 endplates 
analysed. By comparison the detection algorithm was relatively insensitive to changes in the 
minimum depth (Figure 7a), minimum distance from the edge of the endplate (Figure 7b) and 
the length of the sides of the cube within which a second potential EPL was required to be 
detected (Figure 7c). 
<< Insert Figure 7 >> 
Inter- and intra- observer segmentation error 
The L1-L4 section from the spine of patient #5 was chosen for the inter- and intra-observer 
error analysis since the detection algorithm had identified EPLs on every endplate apart from 
the L3 cranial endplate. There was 100% agreement in the prevalence of EPLs when 
comparing the two segmentations performed by CG one week apart or when NN repeated the 
comparison and therefore the 95% limits of agreement in prevalence are not reported. The 
inter-observer difference in EPL depth was 0.03mm ± 0.17mm (mean difference ± 95% limit 
of agreement), and 0.04mm ± 0.14mm for the intra-observer difference. The fact that the mean 
differences for both the inter- and intra-observer variances were not significantly different 
from zero, suggests that no order bias existed. 
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Sensitivity of segmentation threshold and smoothing 
Adjusting the maximum allowable deviation and the Hounsfield unit threshold for the 
segmentation did not have an effect on the prevalence of EPLs. However, the smoothing of the 
surface had some effect on the calculated depth, with differences of up to 6.37 and 9.43% 
(0.33 and 0.4 mm) when the maximum allowable deviation in smoothing was decreased from 
0.4 to 0.2 mm and increased from 0.4 to 0.6 mm, respectively (Table 2). The EPL depth 
measurements were more sensitive to changes in the automatic segmentation threshold with 
differences of up to 38.03% (1.78 mm) seen in EPL depth when the threshold was increased 
from 300 to 400 HU. Finally, differences of up to 18.84% (0.76 mm) were seen in the depth 
when the automatic segmentation threshold was decreased from 300 to 200 HU.  
<< Insert Table 2 >> 
4. Discussion  
This study describes an imaging analysis technique for consistent measurement of the 
prevalence, location and size of EPLs. The semi-automatic approach eliminates inter-observer 
differences in EPL definitions allowing a well-defined, repeatable and reliable method to 
identify EPLs. 
 
Since the aim of this study was to primarily develop a reproducible and accurate measurement 
technique, a relatively small number of endplates have been analysed. However, the 
prevalence of EPLs found here (8.8%) was within the lower bounds of previously reported 
prevalence (3.8 - 76%) [3, 4, 6, 9]. The average depth of EPLs found in this study (3.1 mm) 
was similar to that reported by Pfirrman and Resnick [4] (3.3 mm). In agreement with the 
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findings of a number of other studies [2, 4–6, 9], the majority of the EPLs were found 
posteriorly with just one of the 15 EPLs in the anterior zone. It has been postulated that EPLs 
may be associated with the weakening of the endplate due to abnormalities in the regression of 
the notochord during development. Since 93% of the EPLs detected in this cohort were within 
a 60% radius from the endplate centroid it may be postulated that this data supports this 
theory, however, further analysis of a larger dataset would be required before this can be 
confirmed. 
 
A possible limitation of this method for identifying EPLs is that it is reliant on the 
segmentation of CT scans, which when automatic thresholding does not result in separate 
endplates, requires manual segmentation. Generally, we found manual segmentation was more 
frequently required in upper thoracic in comparison to lower thoracic or lumbar vertebrae. The 
fact that the intra- and inter-observer variability in EPL depth measurements represents only 
2.8 – 3.5% of the depth, within the size of a voxel (0.5mm), and that there was 100% inter- 
and intra-observer agreement in the prevalence demonstrates the precision of this method. In 
addition, the majority of EPLs were detected in the lumbar region, where manual 
segmentation was rarely required. EPL identification was sensitive to the minimum gradient 
condition value, where adjustments of just 20% resulted in a further 12 EPLs being identified. 
To some extent this does not come as a surprise since the large range of reported prevalence 
demonstrates the sensitive nature of identifying EPLs. A strength of the semi-automatic 
approach taken here is that the condition values are clearly defined and the sensitivity to these 
values can be investigated. Thus far, this algorithm has only been applied to surfaces extracted 
from CT scans. Due to the radiation dose associated with CT scans, their use is diminishing in 
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modern medicine in favour of other assessment tools. This also limits the possibility of using 
this technique to analyse the endplates of healthy populations for research, unless scans have 
been ordered for an unrelated purpose. Future investigation is therefore required to determine 
whether the algorithm is able to detect EPLs using surfaces extracted from MRI and other 
imaging modalities. 
5. Conclusions 
A well-defined, repeatable and reliable method to measure EPL prevalence, location and size 
has been developed that can be used to analyse large populations without observer errors in 
EPL definitions.  Although the method developed here was assessed by the identification of 
EPLs on vertebrae of five adolescent idiopathic scoliosis patients, it has the potential to also 
be used to identify EPLs in both healthy adolescent and adult populations. 
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7. Figure Legends 
Figure 1 – Landmarks identified in order to define the endplate transverse plane. Point A is 
5 mm from the middle of the junction between the left pedicle and the vertebral body along 
the axis of the pedicle. Point B is 5 mm from the middle of the junction between the right 
pedicle and the vertebral body along the axis of the pedicle and Point C is 5 mm from the 
intersection between the anterior edge of the vertebral body and a line parallel to line AB, 
along a line perpendicular to line AB that passes through the intersection. Units are in mm. 
 
Figure 2 – Method to identify the endplate centroid based on a method previously proposed by 
Little et al. [29]. A rectangle was drawn on the transverse plane that passed through two points 
at the posterior inflection points on the anulus boundary (points 1 and 2), the anterior anulus 
boundary (point 3) and the lateral points on the anulus boundary (points 4 and 5). The 
geometric centre of this rectangle was used as the endplate centroid. The origin of the left 
handed orthogonal system is shown at the geometric centre. 
 
Figure 3 – (a) Diagram showing a 3D representation of the grid over the surface of an 
endplate, the thick black line highlights the gridline that is shown in 2D in (b). On this 
gridline, 3 potential trough locations were detected; the start, trough and end points of each of 
these potential locations are circled and joined together with red, blue and green lines, 
respectively. 
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Figure 4 – Zones of the vertebral endplate used to group EPL locations. The percentages in (b) 
refers to the percent of the distance between the furthest of either the most anterior or most 
superior points of the vertebral body in the sagittal plane.  
 
Figure 5 – (a) Sagittal and (b) coronal slices through the same L2 vertebral body showing 
potential EPLs on both the upper and lower endplate. (c) The 3D surface obtained from 
segmenting this vertebra using a threshold of 300 HU and (d) the location of the EPL detected 
on the upper endplate of this vertebra represented by a yellow ball. Note that the surfaces have 
not been smoothed in (c) or (d). 
 
Figure 6 – Locations of the EPLs relative to the geometric centre of each endplate. The 
concentric rings represent zones 20, 40, 60 and 80% of the distance between the furthest of 
either the most anterior or most superior points of the vertebral body in the sagittal plane. 
 
Figure 7 – Sensitivity of the EPL detection condition values on the number of EPLs detected 
relative to the number of EPLs detected when the baseline EPL detection condition values 
were used. Positive numbers on the y-axis represent additional EPLs that were detected when 
(a) the minimum depth condition value, (b) the minimum distance from the edge of the 
endplate value, (c) the minimum length of the sides of the cube within which a second 
potential EPL was required to be detected and (d) the minimum gradient condition value was 
adjusted by the percentages shown on the x-axis. Similarly, negative y-axis values represent 
fewer EPLs that were detected. 
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8. Tables 
Table 1 – Baseline and adjusted EPL detection conditions for the sensitivity study. 
       
 
 
 
Baseline 
 
 Variable  -20%  -10%  Value  +10%  +20% 
 Minimum depth (mm)  1.6  1.8  2  2.2  2.4 
Minim um distance from edge of endplate 
(mm) 
 4  4.5  5  5.5  6 
Size of cube within which a second EPL is 
required to be detected (mm) 
 
 
1.6  
 
1.8  
 
2  
 
2.2  
 
2.4 
Minimum gradient between either the 
start and trough or trough and end points 
  
0.16 
  
0.18 
  
0.2 
  
0.22 
  
0.24 
of an EPL (mm/mm) 
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Table 2 – Sensitivity in the depth measurements of the EPL associated with the maximum 
allowable deviation in smoothing and the Hounsfield unit threshold used for the segmentation. 
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Figure 5.  
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